An approach to the creation of learning materials which aid the visualization of stereoselective reaction pathways is presented. Molecular editing software can be used to create models of various transition-state geometries. These 3-dimensional models can 10 be manipulated, using suitable visualization software, to select relevant viewpoints. By using an overlay annotation tool, line-diagrams can be drawn directly over these 3-dimensional representations. This may help students to make representational translations between the 3-dimensional structures (transition-states etc) and the 2-dimensional diagrams typically used to depict these objects.
INTRODUCTION

25
For some students, stereochemistry can be a particularly challenging aspect of their organic chemistry education. 1 There is often significant variation in students' 'spatialawareness' 2 and their ability to visualize and mentally manipulate 3-dimensional structures. In particular, students sometimes find it difficult to make the cognitive 30 connection between a 3-dimensional object, for instance a transition-state geometry or conformational structure, and the necessarily 2-dimensional diagrams typically used to depict it. Educationally, this might be seen as a 'threshold' concept 3 as students often make significant progress once a certain level of understanding has been reached but progressing past this level is hard.
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Molecular models, either real or virtual, are an extremely useful tool in aiding students' understanding of stereochemical concepts. 4 The approach outlined here uses a series of molecular editing and visualization tools to create learning materials aimed at supplementing these activities.
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EXAMPLE OF COURSE MATERIAL
As an illustrative example of a challenging stereoselective reaction pathway, a particular slide from one of our 3 rd year optional B.Sc. courses -'Diastereoselectivity in Natural Product Synthesis' -is shown in Figure 1 . This shows a conformational line- Finally, flipping the final product either horizontally or vertically can also present difficulty.
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APPROACH TO VISUALIZATION
By using 3-dimensional models with a combination of screen-casting and 'virtualtransparency' applications, it is possible to clearly demonstrate the relationships 80 between starting-materials, transition-state geometries and products (and their 3-dimensional and 2-dimensional depictions) in a straightforward manner.
A combination of real (e.g. Molymod) and virtual molecular models were used. Real models have the obvious advantage that students can physically interact with them and 85 actually see them in 3-dimensions. An advantage of using virtual models is that bondlengths, bond-angles and valencies are not restricted in any way. In addition, virtual models are essentially free, assuming free access to a computer, and take no time to reconstruct, thus allowing students to easily swap between several models.
For the virtual models, the freely available and open-source Avogadro 7 software 90 package was used for their creation. Importantly, Avogadro allows the user to build 3-dimensional molecules from scratch and also permits the arbitrary placement and movement of different atoms, regardless of bond-length or bond-angles. Individual atoms or groups of atoms can be selected and dragged into the desired positions. As such, it is reasonably straightforward to construct any particular arrangement required.
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In addition, certain structural motifs, for instance the chair conformation of a 6- 
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In addition to being extremely useful in building and editing 3-dimensional structures, Avogadro is also able to display the structures with reasonable clarity.
However, for structural display, the addition to use in lectures, instructional videos can easily be created using screencasting software alongside this approach. CamStudio, 11 a free and open-source 150 screencasting application was used for this purpose (several videos outlining the approach are provided in the Supporting Information). By making the 3-dimensional structure files for transition-state geometries available to download on our intranet, students are also able to investigate them in their own time. In addition to using virtual 3-dimensional models, real models (e.g. Molymod) can also be used with this approach (Figure 3) , thereby supplementing the students' own use of physical models. To a certain extent the use of real models with this approach is more 
